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METHOD OF MANUFACTURING A
GALLIUM NITRIDE SEMICONDUCTOR
LIGHT EMITTING DEVICE

TECHNICAL FIELD 5

The present mvention relates to a nitride semiconductor
light emitting device, and more particularly, to a nitride semi-
conductor light emitting device which eliminates the need for
a subsequent annealing process for removing hydrogen that 10
undesirably exists in a p-type nitride semiconductor layer.

BACKGROUND ART

In a nitride semiconductor light emitting device, hydrogen 15
1s undesirably included i a p-type mitride semiconductor
layer upon the growth of the p-type nitride semiconductor
layer. At this time, the p-type nitride semiconductor layer has
the properties of an insulator, but not the properties of a
semiconductor due to hydrogen. It 1s thus required that an ¢
additional activation annealing process for removing hydro-
gen be performed after the p-type nitride semiconductor layer
has been grown.

U.S. Pat. No. 5,306,662 discloses a method for eliminating
hydrogen through annealing at a temperature of 400° C. or 35
more after a p-type nitride semiconductor layer 1s grown. U.S.
Pat. No. 5,247,533 discloses a method for forming a p-type
nitride semiconductor layer by irradiation of a n electron
beam.

Therelfore, such a conventional process 1s complicated as 3¢
well as an underlying active layer can be thermally damaged
due to the annealing process, which results 1n a high possi-
bility of degrading the performance of the device.

Meanwhile, U.S. Pat. No. 6,043,140 proposes a method for
fundamentally prohibiting the introduction of hydrogen upon 35
the growth of p-type GaN using a nitrogen precursor and a
nitrogen carrier ifrom which hydrogen 1s not generated. It 1s,
however, not easy to obtain satisfactory surface morphology
that can be applied to a light emitting device through this
method. 40

FI1G. 1 1s a cross-sectional view illustrating the structure of
a conventional nitride semiconductor light emitting device. A
method for fabricating the conventional nitride semiconduc-
tor light emitting device will be heremnafter described in brief.
Referring to FIG. 1, the nitride semiconductor light emitting 45
device includes a builer layer 11, a lower contact layer 12
composed of a n-type nitride semiconductor, an active layer
13 composed of a nitride semiconductor, and an upper semi-
conductor layer 14 composed of a p-type nitride semiconduc-
tor, all of which are sequentially grown on an insulating 5o
substrate 10.

Thereafter, an activation annealing process 1s performed in
which hydrogen contained in the upper contact layer 14 1s
removed at a high temperature of 400° C. or more. A trans-
parent electrode layer 15 1s then formed on the upper contact 55
layer 14 that 1s brought into ohmic-contact with the transpar-
ent electrode layer 15. The upper contact layer 14 and the
active layer 13 are mesa-etched to expose the lower contact
layer 12. An n-type ohmic metal electrode layer 16 1s formed
on the lower contact layer 12 and a bonding pad 17 is then 60
formed on the transparent electrode layer 15. Finally, a pro-
tection film 18 1s formed.

The bonding pad 17 1s usually formed on the transparent
clectrode layer 15, but may be directly formed on the upper
contact layer 14 after some of the transparent electrode layer 65
15 1s eliminated. An n-type nitride semiconductor layer of a
high concentration or a superlattice layer made of the nitride

2

semiconductor can be iterposed between the upper contact
layer 14 and the transparent electrode layer 15 to form a

tunnel junction therebetween. The insulating substrate 10 1s
formed using sapphire, S1C, GalN, AIN or the like.

In order to fabricate such a LED, growth of single crystal 1s
needed. A metal organic chemical wvapor deposition
(MOCVD) method 1s usually used. In this case, ammonia
(NH,) 1s used as a supply source of nitrogen (N) for growing,
GaN. In orderto grow GaN, H, 1s usually used as a carrier gas.
In order to grow InGaN, N, 1s usually used as a carrier gas.
Ammonia (NH;) 1s thermally stabilized and only several % of
NH, 1s decomposed at a temperature of over 1000° C. and
contributes to the growth of GalN as a nitrogen (IN) supply
source. Accordingly, 1n order to increase efficiency of thermal
decomposition, high temperature growth 1s 1nevitably
needed. Also, very high NH,/Ga ratio 1s required to obtain
GaN having good crystallization property.

Such a quite amount of NH, generates a large amount of
hydrogen as a byproduct. In this case, when p-type GaNN 1s
grown, hydrogen 1s combined with magnesium which acts as
a p-type dopant, resulting in a bonding of magnesium (Mg)-
hydrogen (H) atomics. Thus, magnesium (Mg) does not pro-
duce holes and the p-type GaN does not have the property of
a semiconductor.

Therefore, after the p-type GaNlN 1s grown, 1t 1s subjected to
a subsequent annealing process for breaking the magnesium
(Mg)-hydrogen (H) atomic bonding at a temperature of 400°
C. or more. For this reason, Mg provides holes and the p-type
(GaN has the property of a semiconductor.

As described above, the conventional nitride semiconduc-
tor light emitting device requires irradiation of electron beam
or a process for annealing at a high temperature of over 400°
C. 1n order to obtain p-type GaN of a high quality. However,
this makes the process complicated and the active layer 13 can
be thermally damaged during the annealing process. Result-

antly, there 1s a high possibility of degrading the performance
of the device.

DISCLOSURE

Technical Problem

Accordingly, the present invention has been made 1n view
of the above problems, and 1t 1s an object of the present
invention to provide a nitride semiconductor light emitting
device in which hydrogen 1s prevented from being contained
in a p-type nitride semiconductor layer when the semicon-
ductor layer 1s grown, thereby eliminating the need for an
additional subsequent annealing process for removing hydro-
gen.

Technical Solution

To achieve the above object, according to the present inven-
tion, there 1s provided a nitride semiconductor light emitting
device mcluding a plurality of nitride semiconductor layers
having an active layer that generates light through recombi-
nation of electrons and holes, and an electrode layer disposed
on the plurality of the nitride semiconductor layers, the elec-
trode layer being electrically in contact with the plurality of
the nitride semiconductor layers, wherein the plurality of the
nitride semiconductor layers include a p-type nitride semi-
conductor layer formed using ammonia and hydrazine-based
material as nitrogen precursor.

Herein, the nitride semiconductor refers to Al, Ga In, . N

(0=x=1, O=y=1, x+y=1), and the plurality of the nitride
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semiconductor layers may include a heterogeneous semicon-
ductor layer such as Si1C or a heterogeneous material.
It 1s preferred that a growth temperature of the p-type

nitride semiconductor layer 1s within a range between 700° C.
and 1100° C.

‘ects

Advantageous E

According to the present mvention, since an additional
subsequent annealing process for removing hydrogen 1s not
necessary, a process 1s simple and the active layer 1s prevented
from being thermally damaged due to the subsequent anneal-
Ing Process.

Moreover, according to the present invention, 1t 1s possible
to form a p-type nitride semiconductor layer without a sub-
sequent annealing process and to form a p-type nitride semi-
conductor layer having such a good morphology as used for a
light emitting device.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross-sectional view illustrating the structure of
a conventional nitride semiconductor light emitting device;

FIG. 2 1s a cross-sectional view 1llustrating a nitride semi-
conductor light emitting device according to the present
invention;

FIG. 3 shows a current-voltage characteristic curve of the
nitride semiconductor light emitting device according to the
present invention; and

FIG. 4 1s a graph showing the relationship between the
mixture ratio of NH; and an optimum growth temperature of
p-type GaNlN.

MODE FOR INVENTION

The present mvention will now be described 1n detail 1n
connection with preferred embodiments with reference to the
accompanying drawings. In the drawings, the same reference
numerals as those 1n FIG. 1 refer to components having the
same function. Thus, description on them will be omitted 1n
order to avoid redundancy of explanation.

FIG. 2 1s a cross-sectional view 1llustrating a nitride semi-
conductor light emitting device according to the present
invention. A transparent electrode layer 15 can be formed of
one selected from the group consisting of nickel, gold, silver,
chrome, titanium, platinum, palladium, rhodium, iridium,
aluminum, tin, I'TO, mndium, tantalum, copper, cobalt, 1ron,
ruthentum, zirconium, tungsten, lanthanum and molybde-
num, or a combination of two or more thereof.

For example, nickel 1s deposited to a thickness 01 0.5 nm to
100 nm and then gold 1s deposited to a thickness of 0.5 nm to
1000 nm. Then, they experience an annealing process under
an nitrogen, oxygen or mixed gas atmosphere of mitrogen and
oxygen at a temperature of 300° C. to 1000° C. for 1 second
to 60 minutes. Thus, nickel and gold are brought 1mnto ohmic-
contact with an upper contact layer 14.

More preferably, aiter nickel has been deposited to a thick-
ness of 0.5 nm to 10 nm and gold has been deposited to a
thickness of 0.5 nm to 10 nm, they undergoes an annealing,
process under an nitrogen, oxygen or a mixed gas atmosphere
of nitrogen and oxygen at a temperature o1 400° C. to 700° C.
for 1 second to 5 minutes.

A protection film 18 can be formed of, for example, one
selected from the group of consisting of silicon nitride, silicon
oxide, titanium oxide and aluminum oxide, or a combination
of two or more thereof. A thickness of each protection film
may be 0.1 nm to 10000 nm, preferably 10 nm to 1000 nm.
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An upper contact layer 24 1s formed without performing an
additional subsequent annealing process for removing hydro-
gen. The process of forming the upper contact layer 24
according to the present invention will now be described 1n
detail.

As a nitrogen precursor, a hydrazine-based material 1s used
together with ammonia. Bond energy between nitrogen radi-
cals of the hydrazine-based material 1s 33.4 Kcal, which 1s
significantly lower than 93.3 Kcal as bond energy between a
nitrogen radical and a hydrogen radical of ammonia.

Therefore, bonding among nitrogen molecules of the
hydrazine-based material 1s easily broken even at a low tem-
perature of 500° C. or more, thereby forming a NH,, radical.

For example, dimethylhydrazine (DM-hydrazine) will be
described as s an example below. A NH, radical that 1s formed
through thermal decomposition of dimethylhydrazine is very
unstable and has a good reactivity. Thus, the NH, radical 1s
prone to become a thermally stable ammoma (NH,) through
combination with a nearby H radical as soon as possible.
Accordingly, if H 1s fallen off {from ammonia, H 1s combined
with the NH, radical and thus becomes NH,.

(CH;)>N-NH,—(CH;)>N+NH,
Thermal decomposition
NH,—NH,

Hydrogen radical combination

Furthermore, the (CH,),N radical that 1s formed through
the first thermal decomposition of hydrazine forms an N
radical and a CH, radical through secondary thermal decom-
position. At this time, the CH, radical i1s also thermally
unstable and tries to become CH_, through combination with
nearby hydrogen. Accordingly, 11 H 1s fallen off from ammo-

nia, H 1s combined with the CH, radical and thus becomes
CH,.

(CH,),N—2(CH,)+N—>2CH,+N

-

I'hermal decomposition Hydrogen radical combination

Therefore, 1f hydrazine 1s used as a nitrogen precursor for
growing Al Ga, In, _ N:Mg together with ammonia, hydro-
gen radicals existing 1n a gas phase layer from ammonia are
removed elfectively by means of NH, and CH, radicals of
hydrazine. It 1s thus possible to minimize formation of a
Mg—H complex that is easily generated only when ammonia
1s used. Since all hydrazine sources essentially contain NH,
radicals, hydrogen radicals can be thus removed at the gas
phase in a reactor. Since the hydrogen radicals provided from
ammonia can be removed through hydrazine as such, there 1s
climinated the need for an additional subsequent annealing
process for breaking a Mg—H bond as in the prior art. A more
detalled example for forming p-type GalN will now be
described on the basis of the above theoretical background.

Dimethylhydrazine (DMHy) 1s used as a hydrazine source,
trimethylgallilum (ITMGa) 1s used as a gallium source and
Cp,Mg 1s used as a Mg source. A mixture of hydrazine and
ammonia are used as an nitrogen precursor.

In the amount of hydrazine that 1s used when a p-type GaN
thin {ilm 1s grown, 1t 1s preferred that the molar tlow ratio of
hydrazine/gallium 1s 1 to 1000, more preferably 1 to 500. In
the amount of ammonia mixed at this time, an ammonia/
galllum molar flow ratio 1s below 10000, more preferably
below 5000.

When a p-type Al Ga In, _ N thin film 1s formed using
hydrazine, nitrogen (N, ) or hydrogen (H,) 1s used as a carrier
gas. It may be preferred that a nitrogen radical 1s mainly used
in order to prohibit formation of a hydrogen radical. If hydro-
gen 1s mixed with nitrogen, a higher hole concentration can be
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obtained. This 1s because hydrogen serves to reduce the back-
ground doping concentration when GaN 1s grown. It 1s pre-
terred that 0% to 100% of hydrogen 1s mixed with the nitro-
gen carrier gas as a preferred carrier gas, more preferably 0%
to 80% of hydrogen 1s mixed with the nitrogen carrier gas.

TEST EXAMPLE

In a prior art in which a p-GaN layer 1s formed using
ammonia, a hole measurement was i1mpossible since the
p-GaNN layer has the properties of an insulator due to Mg—H
bond. Thus, after the p-GaN layer had been converted 1nto a
p-type layer by removing hydrogen radicals from the p-GaN
layer through subsequent annealing at high temperature, hole
measurement was implemented. On the contrary, in the
present invention in which a p-type GaN layer 1s formed using
hydrazine, a hole measurement can be performed without any
subsequent annealing. In case of the present invention, 1t has
been demonstrated that the GaN layer becomes the p-type
layer even without performing the annealing process since 1t
has a hole concentration of 2~13x10"’ [/cm’] and a hole
mobility of 10~50 [cm*/Vs].

A dispute over conversion into the p-type layer due to alloy
annealing was excluded by performing a hole measurement
without performing alloy annealing of the p-type contact
metal.

Moreover, as a result ol measuring sheet resistance, it has
been found that the present ivention 1in which subsequent
annealing 1s not performed after the p-type GaN layer has
been formed using hydrazine, has a sheet resistance value 2 to
3 times lower than the prior art in which subsequent annealing
1s 1implemented after the p-type GaN layer has been formed
using ammonia. This measurement result shows an important
ground data that supports that a p-type Al Ga In,  _ N:Mg
thin film can be produced even without subsequent annealing
if hydrazine 1s employed.

Table 1 shows electrical properties between a conventional
LED 1n which a transparent electrode layer 1s formed after a
p-type GaN layer has been formed using ammonia and been
annealed for activation at a high temperature, and a LED
according to the present invention in which a transparent
clectrode layer 1s formed after a p-type GaN layer has been
formed using hydrazine without carrying out subsequent
annealing.

TABL.

1

(L]

p-GaN using NH;,
(a transparent electrode
1s formed after
activation annealing)

p-GaN using hydrazine
(a transparent electrode
1s formed without
activation annealing)

Operating 3.5 V 3.5 V

Voltage
(20 mA)
Reverse Breakdown
Voltage
(=10 pA)
Output
Power(20 mA)

20 V 26,7 V

12 mW 13.5 mW

As can be seen from Table 1, the present invention has a
good operating voltage which 1s 3.15V at 20 mA. In case of
the output power, the prior art has an output power of 12 mW
(self-measurement reference). On the contrary, the present
invention has an output power of 13.5 mW, which 1s over 10%
higher than that of the prior art. From this result, 1t can be seen
that the quality of the active layer can be improved by omut-
ting a hydrogen-eliminating process through annealing pro-
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6

cess. Also, the present invention has a more increased reverse
breakdown voltage of about 26V as compared with 20V of the
prior art.

FIG. 3 shows a current-voltage characteristic curve of the
nitride semiconductor light emitting device according to the
present invention. From FIG. 3, 1t can be seen that the prop-
erty of a semiconductor 1s exhibited properly even without
performing subsequent annealing.

FIG. 4 1s a graph showing the relationship between the
mixture ratio of NH, and an optimum growth temperature ot
p-type GaN. FIG. 4 shows a result in which an experiment 1s
performed 1n a mixture ratio ranging from 0% to 80% of NH,.
In FIG. 4, the mixture ratio of NH, 1s defined as percentage
(%) of the molar flow ratio of NH; for the molar tlow rate of
the whole V group precursor, assuming that NH; 1s 1% and
hydrazine 1s 100% at a temperature below 1000° C. 1n terms
ol cracking efliciency. When the optimum growth tempera-
ture is defined based on 1x10"” /cm” as a lower limit value, it
can be seen that the optimum growth temperature rises as the
mixture ratio of N H; increases. That 1s, although a mixture
source of a hydrazine-based source and a NH; gas 1s used as
a V group precursor, p-type Al Galn, . N:Mg can be
obtained at a sufficiently low temperature.

INDUSTRIAL APPLICABILITY

While the present invention has been described, focusing
on a light emitting device such as a laser diode and a light
emitting diode, it may be applied to a light recerving element
such as a photodiode.

The invention claimed 1is:

1. A method of manufacturing a nitride semiconductor
light emitting device, the nitride semiconductor light emitting
device mcluding a plurality of nitride semiconductor layers
and an electrode layer disposed on the plurality of the nitride
semiconductor layers, the plurality of nitride semiconductor
layers having an active layer that generates light through
recombination of electrons and holes, and a p-type nitride
semiconductor layer for supplying holes to the active layer,
the method comprising the steps of:

forming the p-type nitride semiconductor layer of the plu-
rality of nitride semiconductor layers, without a subse-
quent annealing process, by using ammoma and hydra-
zine-based material as nitrogen precursor wherein the
p-type nitride semiconductor layer contains gallium,
and the molar flow ratio of hydrazine-based material/
gallium 1n 1 to 10 and, upon thermal decomposition, the
hydrazine-based material generates a radical that 1s
combined with a hydrogen radical to eliminate the
hydrogen radical to make the p-type mitride semiconduc-
tor layer without the subsequent annealing process dur-
ing the formation of the p-type nitride semiconductor
layer; and

forming the electrode layer to be electrically 1n contact
with the p-type nitride semiconductor layer.

2. The method of claim 1, wherein the electrode layer 1s
made of at least one selected from the group consisting of
nickel, gold, silver, chrome, titanium, platinum, palladium,
rhodium, 1iridium, aluminum, tin, I'TO, indium, tantalum, cop-
per, cobalt, 1ron, ruthenium, zirconium, tungsten, lanthanum
and molybdenum.
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3. The method of claim 2, wherein the molar flow ratio of 6. The method of claim 5, wherein the molar flow ratio of
hydrazine-based material/gallium 1s 1 to 500. ammonia/gallium 1s below 5000, and N, and H, are used as
4. The method of claim 3, wherein the electrode layer 1s carrier gas.
made of ITO (Indium Tin Oxide). 7. The method of claim 6, wherein a radical of the hydra-

5. The method of claim 3, wherein the p-type nitride semi- 5 zine-based material contains at least one of CH; and NH.,,.
conductor layer 1s doped with magnesium (Mg) and the
p-type nitride semiconductor layer 1s made of GaNN. S I
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